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[57] ABSTRACT 

A portable terminal for plugging into a well production 
control system for displaying data from the control 
system and for entering data into the control system. A 
liquid crystal display module on the terminal displays 
both graphic and printed data. A keyboard on the termi- 
nal provides a means for entering data and control sig- 
nals into the control system. A temperature compensat- 
ing circuit adjusts the brightness contrast on the display 
module so the terminal can be used outdoors over a 
wide range of temperatures. 

7 Claims, 5 Drawing Figures 
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The portable terminal includes a microcomputer 

PORTABLE DISPLAY AND CONTROL which uses signals from the load cell and position trans- 

TERMINAL FOR WELLS ducer to operate a liquid crystal module which plots a 

graph of rod string load versus rod string position and 
BACKGROUND OF THE INVENTION 5 displays well parameters. The portable terminal also 
The present invention relates to method and appara- includes a |^*°««* for entering system control param- 
tus for monitoring the operation of sucker-rod well ete T? ,nt0 the we " "J" 1 ™ 1 for "electing the 
pumping units, and more particularly to a portable ter- ^11 parameters displayed on the liquid crystal module, 
minal for displaying well operating characteristics and , ft ™ e of the liquid crystal display module 
for providing control signals to pumping units. 10 vanes w,th a significant change in operating 
Sucker-rod type pumping units are widely used in the tem S?% n S ° * bn S htness , «> n K trol « re . u,t ,s used t0 
petroleum industriy to recover fluid from wells extend- enable the p t or,able t , e ™ mal to be uied ln a outdoor 
fag into subterranean formations. Such units include a env, ™ nm <f where the temperature may vary over a 
sucker-rod string which extends into the well and consweraDle range- 
means at the surface for an up-and-down movement of BRIEF DESCRIPTION OF THE DRAWINGS 
the rod string in order to operate a downhold pump. - fr , ,. ... .. ... . .. ,,. _ . . 

Typical of such units are the soiled "beam-type" f J??:. 1 ^ a dia e ramraatIC ^Uon of the portable 

pumping units having the sucker-rod string suspended £T2i^ P T 'T, °" ? * ^ 

at the surface of the well from a structure consisting of ,„ ^ * tv P e pumpmg „mt. 

a Samson post and a walking beam pivotally on the 20 KG 2 is a plot of pos.tion versus load of the sucker- 

c— i j*-: II - ro » of the pump for one cycle of normal operation and 

Samson post. The sucker-rod string normally is con- tUa Ank ^ A V- „ \ *u 11 

* j ; j ? .« ii'i. j i .V tne dotted line shows the change as the well progresses 

nected at one end of the walking beam and the other mt0 fluid pound 

end of the walking beam is connected to a prime mover HO _ 3 ? , , ot of VQ , veisus ^ ture charac . 

such as a motor through a suitable equalizer bar con- 2J teristics of diodes ^ to * oonipcillite , f or a „ 

nected to a crank and pitman connection. In tins ar- te ture which a chim m brightness 0 8 f ^ 

rangement the walking beam and the sucker-rod string u ^ ^ # s ^ module ^ in the present inven- 

are dnven in a reciprocal mode by the prime mover. ^ n 

A variety of malfunctions such as worn pumps, bro- 4 is a block dia of the circuh of the 

ken sucker-rods, split tubing, and stuck pump valvescan 30 table display terminal of the present invention, 

mterrupt the pumping of fluid from a well. Such mal- Fia 5 is a di of the brightness control circuit 

functions can be caused by normal wear and tear on the of the present inve ntion which is used to compensate for 

equipment by the nature of the Huid being pumped or the cha in brightness 0 f the liquid crystal display 

they could be caused by abnormal pumping conditions. moduIe of the present i nvention> 

One abnormal pumping condition which is fairly 35 

common is known as "fluid pound". Fluid pound occurs DESCRIPTION OF THE PREFERRED 

when the well is pumped-off, i.e., when fluid is with- EMBODIMENT 

drawn from the well at a greater rate than the rate at Referring to FIG. 1, there is illustrated a wellhead 10 

which fluid enters the well from the formation. When of a we n which extends from the earth's surface 11 into 

this occurs, the working well of the downhold pump is 40 a subsurface well producing formation (not shown), 

only partially filled during an upstroke of the plunger The wellhead comprises the upper portions of a casing 

and on the downstroke the plunger strikes or "pounds" str ing 12 with a sucker-rod string 16 extending down- 

the fluid in the working barrel causing severe jarring of war( j into a down hole pump (not shown) which moves 

the entire pumping unit. This causes damage to the rod liquid to the surface where it passes into a flow line 17. 

string and to the surface equipment and may lead to 45 The sucker-rod string 16 is suspended in the well from 

failure of the pumping unit a support unit consisting of a Samson post 18 and a 

SUMMARY OF THE INVENTION walking beam 22 which is pivotally mounted on the 

support post by a pin connection 23. A cable section 24 

The present invention provides a portable terminal is conneced between the upper end of the sucker-rod 

for displaying characteristics of a well and for provid- 50 string 16 and the lower end of a horsehead 28. The cable 

ing control signals to a pumping unit The portable section 24 is connected to the walking beam 22 by 

terminal can be removably connected to well pumping means of the horsehead 28. 

apparatus having a sucker-rod string and a power unit The walking beam 22 is reciprocated by a prime 
to reciprocate the rod string to produce fluid from a mover such as an electric motor 30. The prime mover 
well. A load cell is connected on an equalizer bar be- 55 drives the walking beam through a drive system which 
tween the sucker-rod string and the power unit to de- includes a drive belt 34, crank 35, crank shaft 36, a pair 
velop a signal representative of the load on the rod of crank arms 37 (only one shown), and a pair of pit- 
string, and the transducer is connected to generate a mans 41c, 416 which are pivotally connected between 
signal representative of the position of the rod string. A the crank arm and the walking beam by means of an 
computer uses a load signal to establish a selected value 60 equalizer bar 42 and an equalizer bearing 43 (FIG. 1). 
of this load signal and uses the rod string position to The outer end of the crank arms 37 are provided with a 
establish a reference position of the rod string. Means counterweight 46 which balances a portion of the load 
are provided for monitoring the load signal when the on the sucker-rod string in order to provide a more 
rod string reaches the reference position and means are constant load on the prime mover. A load cell 47 is 
provided for disabling the power unit when an absence 65 clamped or otherwise connected to the equalizer bar 42 
of fluid below the pump plunger causes the load signal at a position between the equalizer bearing 43 and the 
to exceed the selected value with the rod string at the pitman 41a. The load cell 47 develops a signal due to the 
reference position. slight bending of the equalizer bar 42 caused by the load 
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on the sucker-rod string 16. The amount of bending of Xmax (FIG. 2), and to calculate a Yset value the en- 

the equalizer bar 42 is determined by the amount of load tered percent of the distance between 1 Ymin and Ymax 

on the rod string 16 (FIG. 1). thereby obtaining the position of the set point. The 

The load cell 47 provides a DC output signal which value of Xset and Yset can be computed using the fol- 
is proportional to the load on the sucker-rod string 16, 5 lowing formulae: 
and an analog-to-digital converter 48 provides a corre- 
sponding digital signal to a computer 49a. A position Xset=(Xmax-Xmin)(X%Tioo)+Xmin 
measuring means or transducer 53 measures the vertical t . 
position of the sucker-rod string 16 by providing a volt- Y*t-(Y»«-Yinm> (Y%=R0O)+Ymm 
age which is proportional to the angle of the walking 10 v • v j v • l-a 
beam 22 and thus is proportional to the position of the ™ e of * max > Ymax Ymin . wh "* 
rod string 16. The analog-to-digital converter 48 con- be w *™L th * ™T ™*™ mmU Z °J 
verts the multiplex signals from the transducers 47 and ** curve of FIG. 2. The X« and Y% are the percen - 
53 into digital signals which are used by the computer a f values selected by the human operator using knowl- 
49a. The analog lignals from the transducers 47, 53 are 15 edge of the well and of the pumping equipment in 
also coupled through a buffer 56 and used by an XY choosing these percentage values. Also any two nomi- 
plotter 54 to provide a "hard" copy of the characteris- nal values of x two nominal values of Y can be 
tics of the particular well which the rod string operates. ***** instead of usm g the maximum and minimum 
The computers 49j. 49b communicate electrically with values suggested. , _ . 
each other, in a serial fashion, over a pair of wires 55a, 20 When the set point (Xset, Yset) has been selected the 
556. The portable terminal keyboar 60 and an associated computer continually monitors the X value of the curve 
graphic display 74 are used by a human operator to (FIG. 2) during the downstroke of the plunger until the 
observe and set up the well parameters. curve reaches the value of Xset as the curve moves 

A plot of the position versus load of the rod string 16 from Xmax toward Xmin. With the curve at Xset point 

for a typical cycle of the rod string when the well is 25 the computer checks the value of Y. If the value of Y is 

filled with fluid is disclosed in the solid line graph of greater than the value of Yset the computer 49a (FIG. 

FIG. 2. It can be seen that as the rod string moves on 1) provides a signal which causes the motor 30 to stop 

the upstroke from Xmin position to the Xmax position, and the well is shut down. To insure that the well is 

the load on the string increases to a maximum value and really pumped-off at this time, it may be desirable to 

then returns to approximately the initial value. Of more 30 allow the pump to move through two or more cycles 

importance is the variation in the load as the rod string with the curve (FIG. 2) to the left of the set point each 

moves downward with the load decreasing to a mini- time, before the motor 30 is turned off. This prevents 

mum value at a fairly rapid rate and then moving up- shut down of the well due to an erratic signal from the 

ward to approximately the original value at the Xmin load cell 47 or from the transducer 53 or from other 

position. 35 electronic equipment or from the behavior of the well 

As the well approaches pump-off (FIG. 2), the load itself. Details of a method and apparatus for automati- 
on the rod string changes more rapidly as the rod string cally calibrating a well and for monitoring operation 
moves in a downward direction. When the fluid in the thereof are disclosed in a copending U.S. patent applica- 
well drops, a pump plunger in the pump falls and strikes tion entitled "Well Production Control System" Ser. 
the surface of the fluid in the well producing a "fluid 40 No. 579,628 filed by R. S. Chandra et al for which a 
pound" which can damage the rod string and other Notice of Allowance was issued by the U.S. Patent and 
parts of the pumping system. As the fluid level in the trademark Office on Jan. 9, 1985. 
well decreases the pump plunger progressively moves a The portable terminal 61 (FIGS. 1, 5) includes a hol- 
greater distance on the downstroke before contacting low molded case 72 having a narrow handle portion 12a 
the surface of the fluid in the well causing the plotted 45 with a keyboard 60 mounted thereon and a liquid crys- 
load curve to progressively change from the full well tal display module (LCD) 74 mounted on a wider body 
curve 65 to the dotted curves 66-69 with the curve portion 12b of the case 72. A plurality of circuit ele- 
moving progressively toward the left as the fluid in the ments 77-88 (FIG. 4), for operating the LCD module 74 
well drops lower. This moving trend can be observed and for supply control signals to the computer 496, are 
and the pump shut down to prevent damage to the 50 mounted inside the hollow case 72. A human operator 
equipment. can hold the case 72 by the handle 12a with one hand 

The present invention provides a method for detect- and use the other hand to operate the keyboard 60. A 

ing pump-off by using the apparatus of FIG. 1 to select load vs. stroke position (FIG. 2) dynagraph of a well 

a set point (Xset, Yset) (FIG. 2) having a value deter- can be displayed on the LCD module 74 upon request 
mined by the characteristics of each individual well and 55 and other well parameters can also be displayed on the 

to change the set point when these characteristics LCD module. Control signals to select values of Xset, 

change and/or when the characteristics of the load cell Yset (FIG. 2), to select off time of the motor 30 (FIG. 

47 and/or of the transducer 53 change. The computer 1), run time of the motor 30 and a variety of other con- 

49a (FIG. 1) compares the fluid pound curves 66-69 trol parameters for the well operating apparatus of FIG. 
with the position of the set point and shuts down the 60 1 can also be entered into the system by the terminal 

motor 30 when the fluid pound curve moves to the left keyboard 60 (FIG. 5). A human operator can unplug 

of the set point shown in FIG. 2. the terminal 61 from the computer 49b and use the same 

A human operator uses the keyboard 60 of the terminal to monitor and/or control other similar pump- 
graphic display terminal 61 (FIG. 1) to enter an X per- ing apparatus. The portable terminal 61 is a general 
centage value and a Y percentage value into the com- 65 purpose terminal which can be used for a variety of 
puter 49b which transfers these values to the computer industrial jobs involving computers by including appro- 
49a causing the computer 49a to calculate an Xset value priate software. The terminal 61 can use a serial link to 
the entered percent of the distance between Xmin and communicate with computers. 
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A microcontroller 77 (FIG. 4) communicates with 
the computer 49A (FIGS. 1, 5) through a serial link 78. 
A microcontroller which can be used in the present 
invention is the Model 803 1 made by Intel Corporation, 
Santa Clara, Calif, and includes an internal computer 5 
and a link for sending and receiving messages. 

Clock pulses for driving the microcontroller 77 are 
provided by a crystal controlled oscillator 79. Programs 
for operating the microcontroller 77 and the liquid 
cystal display module 74 are stored in an EPROM 80, 10 
and data for use in the system is stored in a RAM 81. 
The microcontroller 77 supplies data and commands to 
an LCD controller 82 which converts the data and 
commands into dot data for operating the liquid crystal 
display module 74. A frame generator 83 uses signals IS 
from the LCD controller to provide frame voltages to 
the display module and an LCD drive section 84 pro- 
vides drive voltages for the display module. The LCD 
drive section generates an appropriate voltage to main- 
tain a constant degree of brightness of the LCD, inde- 20 
pendent of any temperature variation. An LCD control- 
ler which can be used is the Model HD61830 made by 
Hitachi Limited, Tokyo, Japan, and a LCD module 
which can be used is the Model DMF601 made by 
Optrex Corporation, Tokoyo, Japan. 25 

A decode logic circuit 85 provides logic signals to the 
EPROM 80, RAM 81 and LCD controller 82, and an 
enable logic circuit 86 provides enable pulses to operate 
the LCD controller 82. An address latch 87 provides 
low address signals to a low address bus B2 for use by 30 
the EPROM 80, RAM 81 and LCD controller 82 and a 
bus Bl carries data to these units. The microcontroller 
77 retriggers a watchdog timer 88 at a fixed rate when 
the module is working properly. If the microcontroller 
77 fails to retrigger the timer a warning signal is gener- 35 
ated to indicate a system failure. 

The contrast between the bright displayed informa- 
tion on the screen and the background of the LCD 
module decreases as temperature of the module de- 
creases. The LCD drive circuit 84 (FIGS. 4, 5) provides 40 
a compensating voltage Vo which increases the cold 
weather contrast on the screen of the LCD module so 
the portable terminal 61 can be used outdoors in cold 
weather. A plurality of diodes D1-D4 and a resistor Rl, 
connected in series between a pair of output terminals 45 
Tl, T2 of a source of potential EB f (FIG. 5) provide a 
negative voltage-versus-temperature characteristic of 
approximately -2.5m V/° C as shown in FIG. 3. The 
voltage across each of the diodes is approximately 0.68 
volts at a normal room temperature Tr. A plurality of 50 
resistors R2-R6, a potentiometer P and a pair of amplifi- 
ers Al, A2 increase the rate of variation in voltage to a 
value of approximately —50m V/°C which is coupled 
to the LCD to keep the brightness contrast of the LCD 
module substantially constant over a normal range of 55 
operating temperatures. 

The present invention provides a portable terminal 
which can be plugged into a well production control 
system for both displaying data from the control system 
and for entering control signals into the control system. 60 
A liquid crystal display module on the terminal pro- 
vides both a graphic and a printed display of system 
information. A keyboard on the terminal provides a 
means for entering data and control signals into the 
system. A temperature compensation circuit porvides 65 
sufficient brightness contrast in the display module so 
the terminal can be used over a wide range of operating 
temperatures. The flat liquid crystal display module 



provides a wide range of pictures, graphs and data, and 
can be used as a general purpose terminal that can be 
used in a hot or a cold environment 

Although the best mode contemplated for carrying 
out the present invention has been herein shown and 
described, it will be apparent that modification and 
variation may be made without departing from what is 
regarded to be the subject matter of the invention. 

What is claimed is: 

1. A portable graphic display terminal for use with a 
well production control system having a first trans- 
ducer for generating a signal representative of a load on 
a sucker-rod string and a second transducer for generat- 
ing a signal representative of a position of said rod 
string, said terminal having means for monitoring well 
conditions and for supplying control parameters to said 
control system, said terminal comprising: 

a liquid crystal display module for displaying data 
from said control system; 

keyboard means for entering display command sig- 
nals and system control signals into said terminal; 

means for connecting said terminal to said control 
system; 

a source of potential having first and second output 
terminals; and 

a temperature compensating circuit connected be- 
tween said display module and said first output 
terminal for supplying an operating voltage to said 
display module which keeps the brightness con- 
trast of said display module substantially constant 
over a range of operating temperatures, said tem- 
perature compensating circuit including: 

a plurality of diodes each having an anode and a 
cathode, 

means for connecting the anode of a first diode to said 
first output terminal of said source, 

means for serially connecting the diodes with the 
anode of each of the other diodes connected to the 
cathode of an adjacent diode, 

an electrical impedance connected between said sec- 
ond output terminal of said source and the cathode 
of a last of said diodes, and 

means for connecting said cathode of said last diode 
to said crystal display module. 

2. A portable terminal as defined in claim 1 including 
means for using said keyboard to enter data into said 
terminal and means for using said entered data to con- 
trol operation of said production control system. 

3. A portable terminal as defined in claim 1 including 
means for using said load signal and said position signal 
to produce a dynagraph of well operation on said crys- 
tal display module in response to said command signals. 

4. A portable terminal as defined in claim 1 including 
a plurality of keyboard switches, and processor means 
for entering control signals into said control system in 
response to manipulation of said keyboard switches. 

5. A portable terminal as defined in claim 1 including 
a hollow case having a narrow handle portion and a 
wider body portion. 

6. A portable terminal as defined in claim 5 including 
a plurality of integrated circuits for using said command 
signals and said control signals to operate said display 
module, and means for mounting said integrated circuits 
inside said hollow case. 

7. A portable terminal as defined in claim 1 wherein 
said operating voltage is a d.c. voltage. 



01/15/2002, EAST Version: 1.02.0008 



